Abstract-Non-Destructive Test (NDT) techniques are widely used in several industries since nowadays most of the modern structure are made from steel structures. NDT relates to the examination of materials for flaws without harming the object tested. Eddy Current Testing (ECT) technique is a nondestructive testing method, which is used to detect discontinuities and defects in conductive material. This paper presents a system development with a scanning mechanism for determination of weld defect by using ECT technique. Owing to the low noise of the Anisotropy Magneto resistive (AMR) sensor, the ECT system with the AMR sensor has an advantage of detecting deep and small defects in metal structures. In this study, we developed a magnetic probe using AMR sensor with a sensitivity of 1 nT/sqrtHz that is capable to detect inner defects even at a low frequency. The performances based on characterization of Metal Inert Gas (MIG) welding traces on carbon steel plates. The metal plate is scanned using the XY stage and the detected magnetic signal is utilized to construct 2D image of magnetic distribution map. To improve the sensitivity and operation of the AMR sensor, a small cancellation coil around the AMR sensor is fabricated to cancel the applied magnetic field coupled directly to the sensor. Moreover, the effect of the liftoff between the metal plate and the AMR sensor is studied while the liftoff is lowered from 20 to 4 mm. The results show that a small liftoff could improve the resolution of the constructed distribution map, hence enabling the identification of metal plates and their weld beads. Using the developed ECT systems, the small defects in the samples was successfully detected.
I. INTRODUCTION
Non-Destructive Test technique have a wide field of application in manufacturing, power, construction and maintenance industry. This technique has been developed for evaluating defects in materials including internal and back side defects of the steel components, characterize, or measure the presence of damage mechanisms such as corrosion or cracks [1] , [2] . NDT is applied to inspect a component in a safe, reliable, and cost-effective manner without causing damage to the sample. They are few types of NDT methods such as visual, radiographic (X-rays transmission), ultrasonic, penetrant, stress measurement, acoustic emission, infrared and magnetic method inspections [3] .
Visual inspection is easy to apply, quick and relatively inexpensive. However, this method requires a trained operator for a long inspection time [3] , [4] . In the case of the X-ray scanning and ultrasound testing's, disadvantage of using these techniques are high cost of testing and dependent on the expertise of the individual [6] .
Although there are several non-destructive techniques, magnetic method is one of the promising techniques for NDT applications of steel components since it is safe, fast and non-contact. Besides, magnetic method can be compacted easily since its system configuration is simple. Eddy current testing (ECT) is one type of magnetic method [7] , where ECT is widely used for the NDT evaluation of conductive materials such as metallic plates [8] - [10] . The advantages of ECT is its ease, versatility, speed and noncontact nature. Furthermore, the skin effect of the eddy current [11] caused by the penetration of the electromagnetic wave inside conductive materials can be manipulated to assess inner defects inside the conductive materials. Moreover, it is well known that liftoff between the probe sensor and the conductive component strongly influenced the sensitivity of the defect detection where a high sensitive sensor is required to detect small defects. The interference due to the excitation field will reduce the sensitivity of the sensor, resulting a poor detection of minor defects in steel components. To cancel the interference signals, a compensation coil technique can be used. Each sensor is equipped with compensation coils, where they can be tuned to improve cancellation factor.
The penetration depth of the excitation magnetic field that induces eddy current in a conductive sample is expressed by the skin depth δ, which depends on the exciting field frequency f, as described by the following equation [12] 
Here, µ and σ are permeability and conductivity of the sample, respectively. From the skin depth characteristic, the depth of the defect detection can be manipulated by varying the excitation field frequency.
In this paper, an ECT probe with a scanning mechanism is developed. To achieve a sensitive measurement, a sensing probe utilizing a sensitive magnetic sensor of Anisotropic Magneto resistive sensor (AMR) is developed. In this study, a 2D scanning mechanism is developed using a 2-axis XY stage. The XY stage is made of aluminium frames and stepper motors. The XY stage components consist of its stage frame and three stepper motors -one motor for the horizontal movement (X-axis) and two motors for the vertical movements (Y-axis). The ECT method has a technical issue where the interference from the excitation magnetic fields may reduce the sensitivity and operation of the magnetic sensor. For that reason, a cancellation coil is introduced. The cancellation coil is also placed around the sensor where it is tuned to improve the cancellation factor. During the experiment, we used three samples of carbon steel plates that welded by Metal Inert Gas (MIG) welding. This paper discusses in details of the ECT probe design, and characterization of magnetic field distribution of the MIG weld beads. Fig. 1 shows the setup of the ECT system using the AMR sensor (HMC 1001, Honeywell). The sensor is advantageous over coil based magnetic sensor due to its flat frequency response from DC to 1 Mhz [13] . It is very sensitive, low field, solid state magnetic sensor which is designed to measure direction and magnitude of Earth's magnitude field. Besides that, the magnetic sensor is easily maintained and simple to install as well. The developed system consists of excitation and cancellation coils. The cancellation coil acts to cancel out the magnetic field at the location of the AMR sensor. The cancellation coil was tuned to achieve a cancellation rate B detect/Bapply less than 5% [14] . Here, Bdetect is the magnetic field sensed by the AMR sensor while Bapply is the magnetic field excited by the excitation coil. The excitation field is produced by the excitation coil to induce eddy current in a sample. The magnetic field of the eddy current will be picked up by the AMR sensor. The detected signal will be detected by a lock-in amplifier (LI 5640, NF Corporation) or an DAQ (NI DAQ USB-6221) and transferred to a personal computer. In the experiment, a sinusoidal current with an amplitude I˳= 0.2 A at 10 Hz was supplied to the excitation coil. This excitation frequency was thought to be sufficient for defect detection in a 3-mm steel plate. In the experiment, we used a series of carbon steel plates. In this study all the samples were welded by using the MIG welding, where the setting of welding parameter was fixed to voltage = 18 V, current = 100 A and speed = 11, 12, and 13 mm/s. During the experiment, the carbon steel plate was placed 4 mm below the sensor probe. The XY stage was used to coordinate the sensor probe by scanning over the metal plate surfaces. Then, the data will be stored in a personal computer and analyzed.
II. METHODOLOGY

A. Overall system configuration
B. Development of ECT probe
The eddy current probe used in this study includes the cancellation and excitation coils, and the AMR sensor as shown in Figure 2 . The excitation coil was placed around the sensor in order to eliminate position-depended interference signals. The average diameter of the excitation coil was D = 40 mm, and the number of turn was N = 60 turns. The inductance L of the coil was 0.122 mH and the resistance R was 0.966 Ω. When an excitation magnetic field is applied to the steel components, the AMR sensor is also exposed to this magnetic field. The cancellation coil was wound around the AMR sensor and its number of turn was manually tuned to achieve a high cancellation rate at the location of the AMR sensor. The winding for the compensation coil was determined to be 25 turns with a diameter of 1 cm. The coil was connected to the function generator and the value of magnetic field was monitored to ensure the interference signals were completely cancelled.
C. Scanning system
In this ECT system, the sample was fixed on the XY stage with the dimension of 65 cm × 50 cm. Each of the stepper motors were driven by a controller consists of a microcontroller Arduino Nano to operate accordingly with a resolution of about 0.1 mm. The movement of the XY stage was controlled by a computer. Fig. 4 shows the detected DC field distributions with and without the presence of the carbon steel plate. From the DC field distributions, it shows the different reading when the carbon steel plate was present. This metal plate absorbed external magnetic fields such as Earth' magnetic field to produce remanent fields around the plate. The probe showed different intensity of DC field where the high intensity area absorbed more external magnetic fields. This method is called remanent magnetization. This method primarily used to search for inclusions in the sample material. These inclusions will be clearly visible on the magnetic mapping of the surface as long as these inclusions do not share the magnetic properties of the surrounding material. Later, this method can be used to determine the change of materials by comparing the DC field distribution. 
III. EXPERIMENTAL RESULT
A. DC signal distribution
B. Different Liftoff
Fig . 5 shows the DC response of the plate with respect to different liftoff of the ECT probe. From Fig. 5 (a) , the sensor could detect the presence of the metal even though the probe was positioned 20 mm away from the plate. It shows that this sensor was a highly sensitive magnetic sensor. Even though the signal could be detected, the DC field distribution did not show the welding pattern on the plate. To get a more accurate reading, the probe was lowered to 7 mm. The data shows higher value compared to before. Lastly, we lowered the probe until 4 mm where the weld bead could be clearly observed in the DC field distribution. 
C. AC Signal Distribution
Application of the eddy current technique to conductive materials has shown that the result is easier to be interpreted. From Fig. 6 (a) and (b) , it can be seen clearly that there was a metal plate during the scanning process. This method showed clearly an image of the metal plate with the pattern of the weld bead. The clear distribution of the AC field showed that the eddy current method was more superior compared to the remanent magnetization method. Next, the experiment was carried out with three samples of welding beads. The welding beads were produced by a semi-controlled Metal Inert Gas (MIG) Welding machine. During the welding process, the setting of welding parameters was fixed for voltage and current but different in speed. Fig. 7 shows photographic image of the welded metal plate and 2D image of the detected signal by using the ECT technique. This sample 1 had an underfill defect after the welding process. Comparison between the photographic image and the AC field distribution showed that the same defect was observed in the AC field distribution. The AC field distribution showed a dip and lower signal compare to the other parts of the welding. This showed that the developed ECT probe could detect the welding effect on the metal plate.
By using different samples ( Fig. 8 and 9 ), we mapped the AC field distributions and the AC field distributions showed a similar high value at the welding part. Furthermore, their distribution patterns also showed a clear and almost similar image compared to the photographic image. The defects shown in the samples of Fig. 8 and 9 had excessive weld defects. Excess weld occurs due to the over penetration between the parent metal and electrode above the required standard. The causes of the defect include low current or low travel speed of the welding.
From the 2D images of the AC field distributions, the welding defects were able to be detected. The result of 2D images were compared with the photographic images and both of the results have the similarity of the defect positions.
IV. CONCLUSION
In this paper an ECT system for the detection of defect in weld beads of carbon steel plates is presented. The developed system consists of utilization of the AMR sensor as the sensor probe, cancellation coil and XY stage. The introduction of the cancellation coil was successfully reduced the excitation field at the AMR sensor. Using the developed system, we have applied the ECT method to detect the defect in carbon steel plates. The magnetic signal was measured with different liftoff between the metal plate and the sensor probe. In this study, the two types of defects occurred on the weld beads of the MIG welded carbon steel plates could be detected at 10 Hz. It is hoped that the developed technique can be utilized to increase the defect detection efficiency.
